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Abstract 
Studies were conducted at the Ogongo Campus of University of Namibia between 2011 and 2012 to compare 
the differences between two conventional tillage (CV) treatments (i.e. tractor - drawn disc harrow (TDH) and 
animal - drawn mouldboard plough (AMP) and two NSCT treatments (tractor - drawn ripper furrower (TRF) 
and animal - drawn ripper furrowers (ARF) used by farmers in the Northern Communal Areas (NCA) of 
Namibia. This paper is the first volume of a series of papers to report on the comparisons of the two 
technologies on field performances of tillage methods and their effects on moisture, compaction, roots and yield. 
For this paper, the parameters evaluated were root length and yield. The research design was a split plot design 
with tillage as main plot treatment whilst mulch was the sub plot treatment. Yields were not significantly 
influenced by tillage (p = 0.410 in 2011 and 0.078 in 2012) but root length were significantly influenced by 
tillage in the second year (p<0.005). There were no significant differences in mulched plots vs unmulched plots 
among the tillage methods. Both NSCT methods (TRF with mulch and ARF with mulch) achieved longer root 
lengths than CV methods (TDH and AMP) by 24.5% and 8.5% respectively. Tractor ripper furrower (TRF) 
achieved the longest mean roots and yields in 2012.  The NSCT methods (TRF and ARF) achieved higher yields 
than CV methods (TDH and AMP) by 10.1% and 11% respectively. The results also suggests that farmers’ 
yields can be increased from an average of 400 kg ha-1 through better management that includes use of CT 
implements, manure, fertilizer and mulch. 
Keywords: conservation tillage; conventional tillage; root development; yields. 
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1. Introduction  
More than 70% of the population of Namibia’s two million people depend on agriculture for their livelihood [1 -
3]. Pearl millet (Pennisetum glaucum) is the most widely grown crop by small holder farmers in Northern 
Communal Areas (NCA) of Namibia and it is also their staple food. The yields of pearl millet (also known as 
mahangu locally) from these small holder farms are extremely low at about 400 kg ha-1 [4-7]. This low yield has 
been blamed on removal of all crop residues (stover), either for livestock or other domestic use, mono-cropping 
of pearl millet crops leading to deterioration of the farm’s ecology [7, 8] and by the frequent disturbance of top 
soil by ploughing [4, 7, 9].  
The NCA is characterised by sandy soils that are highly susceptible to many forms of degradation which 
manifests in the form of soil erosion, decline in soil fertility, deforestation, flash flooding, declining water tables 
and river flows [6, 10]. Farmers in these areas prepare their fields using Conventional Tillage (CV) practices i.e. 
mouldboard ploughing, disc ploughing and/or harrowing [4, 5]. These practices, especially when high-speed 
disc harrows are used, pulverise the soil thereby destroying the soil structure. They also destroy vital organic 
matter and create hardpans and plough lines. This leads to soil degradation resulting from erosion, both 
biological and mechanical. As a result, there occurs a rapid decrease in crop yields [4, 5, 7, 9 -12]. References 
[10 -12] also pointed out that CV generally leads to soil degradation and loss of crop productivity.  Several 
authors have concluded that the high penetration resistance of soils tilled with CV systems has resulted in 
reduced root growth [13 -15] thereby affecting water and nutrient uptake by crops and thus resulting in lower 
yields.  
In trying to address some of the problems in the NCA, a Conservation Tillage (CONTILL) project was 
implemented in Northern Namibia between 2005 and 2011 [8, 9]. The project involved setting up demonstration 
plots in farmers’ fields across the NCA, based on what is termed the Namibia Specific Conservation Tillage 
(NSCT) method [8, 9]. The method makes use of the animal-drawn or tractor-drawn ripper-furrowers to rip and 
make furrows in one operation. The technology also emphasizes the use of mulch, manure and crop rotations. 
The NSCT was reported to have improved some farmers’ pearl millet yields to 1500 kg ha-1 to 3 063 kg ha-1 
which is 5 to 8 times higher than the national average of 225 to 400 kg ha-1 [4, 7, 16]  
Conservation Tillage (CT) is operationally defined as any tillage or tillage and planting combination which 
leaves 30% or more mulch or crop cover on the surface [11, 12, 17-19]. Other researchers [20, 21] defined CT 
as any tillage system that conserves water and soil while saving labour and traction needs.  
Various researchers have reported different results on field performances of tillage methods and their effects on 
moisture, compaction, roots and yield in crop production. This could be due to climate, soil conditions, no 
standardization in CT research studies [11] and maybe other reasons.  
Yield is a major factor in farm-level profitability, and the most documented in literature. Generally, crop yields 
in Sub Saharan Africa (SSA) are very low when compared with other regions in the world.  For example, the 
average cereal yields of about 1000 kg ha-1 in SSA are only about one third of the average cereal yields in 
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countries in Asia and Latin America (World Bank, as cited by [22].  A number of researchers have reported 
increased yields from CT [23-31]. References [32,33], in contrast, reported yields reductions of various crops 
under minimum tillage methods as compared to CV methods.  Others [33 -36] also reported that no-till had no 
positive effect on yields of various crops. This suggests that there are no significant differences between CT and 
CV when it comes to yield. However, Reference [37] showed that tillage methods significantly (p ≤ 0.05) 
influenced the yield of tomatoes.  Several studies reported that a high penetration resistance in CV systems 
resulted in a lower root growth thereby affecting yield [13, 38 - 40]. 
Despite its touted excellent increases in pearl millet yield, fewer farmers than anticipated have adopted the 
NSCT technology in the NCA since its inception, making one wonder what the reasons could be. Few 
researches have been carried out in the NCA to compare the field performances of animal- and tractor- drawn 
tillage technologies and how they affect the root lengths and yields of pearl millet. 
2. Objective  and Hypothesis of the Study 
The objective of this study was to compare the effects of two NSCT technologies to those of two CV 
technologies on root development and yield of pearl millet under NCA conditions in Namibia. The two 
conventional tillage (CV) technologies/treatments are tractor - drawn disc harrow (TDH) and animal - drawn 
mouldboard plough (AMP) whilst the two NSCT treatments are tractor - drawn ripper furrower (TRF) and 
animal - drawn ripper furrowers (ARF). It was hypothesized that the use of NSCT technologies can result in 
significantly increased root lengths and yields of pearl millet when compared to the use of CV Technologies at 
the 95% CI. 
3. Materials and Methods 
On-station trials to compare CV and NSCT technologies under NCA conditions in Namibia were carried out at 
the Ogongo Campus of the University of Namibia (UNAM) between 2010 and 2012. The Ogongo Campus is 
located in Omusati Region which is one of the 8 regions that constitute the Northern Communal Areas (NCA) of 
Namibia. The rainfall of Ogongo is seasonal, falling mostly between the months of November and April [41]. 
The mean annual rainfall is between 300 and 500 mm [42]. However, an above average total rainfall of 621.6 
mm was recorded at Ogongo from December 2010 to May 2011 while an average rainfall of 377.4 mm was 
recorded in the following year, from December 2011 to May 2012. Samples of soils taken at five randomly 
selected places at the research site in Ogongo was analysed at the Analytical Laboratory Services in Windhoek. 
The soil was found to be sandy with particle size analysis indicating 92.7 % sand, with 4.8 % silt and 2.6 % 
clay. 
Limitations: The trials in this study were designed to run for three seasons. However, crops and soil data were 
collected for the first two years only, because in the third year a severe drought occurred. This hindered the 
timely implementation of trials as the crops were established very late. As a consequence, there was no harvest 
in the third year due to late and patchy rains. The data that were collected in the first two years were, however, 
adequate and of good quality. 
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The research was  set up in a ‘split plot randomized complete block design’ with tillage method as the main plot 
factor, and two mulch rates (0 and 3 t ha-1) as the subplot factor in 4 blocks, totaling 32 plots. The plots were 
10m x 10m, with 5 m borders between blocks and 2 m between plots to allow proper turning and movement of 
tractors and animals. Research trials comprised four treatments namely: (1) Animal-drawn mouldboard plough 
(AMP), (2) Animal-drawn ripper-furrower (ARF), (3) Tractor-drawn disc harrow (TDH), and (4) Tractor-drawn 
ripper furrower (TRF). The random application of treatments to plots was carried out using Genstat, 4th Edition. 
The specifications of the power sources (tractors and donkeys) and the CV and NSCT implements used in the 
study are outlined in Table 1. 
Table 1: Specification of the power sources and tillage implements 
Power source Implement Tillage system Implement 
Specifications 
Width of 
Implement 
3 Donkeys 
Total mass -
673.2 kg 
Standard animal-drawn 
single furrow plough 
(AMP) 
Conventional tillage Standard V8 mouldboard plough 0.2 m 
     
3 Donkeys 
Total mass -
673.2 kg 
Animal-drawn ripper 
furrower (ARF) 
Namibia Specific 
Conservation Tillage 
Baufis ripper-
furrower 0.1m 
     
Tractors 
John Deer 
5415 (65kW) 
and 2351 
(55kW) 
Tractor-drawn offset disc 
harrow (TDH) Conventional tillage Offset .20 discs 2.2 m 
     
Tractors 
John Deer 
5415 (65kW) 
and 2351 
(55kW) 
Tractor-drawn ripper 
furrower (TRF) 
Namibia Specific 
Conservation tillage Baufis 2-tine 1.85m 
The CV plots were conventionally tilled using an animal-drawn mouldboard plough or a tractor-drawn disc 
harrow, whilst the NSCT plots were prepared using an animal-drawn ripper furrower or a tractor-drawn ripper 
furrower.  As is common among NCA small holder farmers, donkeys were used as draught animals. Seeds were 
planted along straight lines for the CV plots and along the ripped furrows in the NSCT plots. The same planting 
lines were used within each plot for both seasons following the ‘Principle of Constant Traffic’. One meter inter-
row spacing and in-row spacing of 25 cm was used. The plant population used is as recommended for pearl 
millet in the NSCT method which is 80 000 plants per hectare or seed rates of 3 to 4 kg per hectare. The target 
of 80 000 plants was achieved by thinning to 2 plants per planting station. This is double the pearl millet seed 
rate normally used by small scale farmers in the NCA. However, it was decided to use the higher seed rate so as 
have results that can be comparable to yields from other NSCT studies. For all treatments and at planting, mono-
ammonium phosphate fertiliser was applied at 150 kg per ha, i.e. 4 g per planting station.  Manure was also 
applied at planting at 5 t per ha, translating into 0.125 kg per planting station. When the crops were at knee 
height, ammonium nitrate was also applied at 150 kg per ha. The plots were hand-weeded two to three times 
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during the growing season, depending on weed intensities.  The plots were monitored and any changes in soil 
characteristics and field conditions were noted every week. Planting and harvesting dates were noted, and 
rainfall amounts were recorded during the growing period.Root lengths were measured at the time of harvesting 
the pearl millet. Ten plants were randomly selected from the two middle rows of each plot. The outer rows were 
avoided for all measurements as they are subject to ‘edge effects’. The selected plants were watered and 
thereafter hand-held Eijelkamp root augers were used to get root samples. Subsequently the roots were washed 
in water [43, 44] and then separated carefully from the whole plant and measured from the base of the stem to 
the tip of the root. Panicles of ten pearl millet plants were randomly harvested from the two middle rows of each 
plot. The outer rows were avoided for all measurements as they are subject to ‘edge effects’. After harvesting, 
the pearl millet panicles were threshed and winnowed. All the kernels from the sampled plants in each plot were 
weighed using an electrical balance and recorded. The yields for whole plots were also measured and recorded. 
The data were first subjected to normality tests before analysis of variance (ANOVA) tests using Genstat were 
used to test for any significant differences in yields and root length among all treatments (AMP, ARF, TDH, and 
TRF). ANOVA was also used to test for interaction between tillage and mulching, and the main effects of tillage 
and mulching on root length and yield. Alpha levels of 0.05 were used to determine the level of significance 
among the means.  
4. Results and Discussions 
4.1 Pearl Millet Root Length 
Table 2 shows mean pearl millet root length in centimetres. There were no significant (p=0.120) differences in 
mean root length among the tillage methods in the 2011 season, but they were significantly (p<0.005) different 
in 2012. Overall, each NSCT method resulted in longer roots for pearl millet that the corresponding CV method 
i.e. roots under TRF were longer than under TDH, and roots were longer under ARF than under AMP. However, 
mulching at 3 tons/ha seems to have no effect on mean root lengths compared to no mulching condition. 
Table 2: Pearl Millet Mean Root Lengths 
Tillage 
treatment 
2011 Mean Root Length (cm) 2012 Mean Root Length (cm) 
Mulch No Mulch Overall Mulch 
No 
Mulch 
Overall 
AMP 22.5 22.9 22.7 23.8 23.5 23.65 
ARF 24.7 22.9 23.8 26.0 22.5 24.25 
TDH 23.5 24.5 24.0 25.3 24.3 24.8 
TRF 30.1 29.1 29.6 33.5 31.0 32.25 
No significant (p=0.120) difference between treatments in 2011 but significantly different (p<0.05) in 2012 
There were significant differences in mean root length among the tillage methods in 2012. This could be due to 
moisture and fertilizer becoming more available in the second year of the NSCT plots, making it possible for the 
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crops to utilize it better as highlighted by [45]. The NSCT methods (TRF and ARF) with mulch resulted in 
longer roots than the CV methods (TDH and AMP) with mulch (Table 2) by 24.5% and 8.5% for tractor and 
animal drawn systems respectively. However, similar to the 2011 results, there were also no significant 
differences between the mean root lengths of mulched and un-mulched plots. This could be because the rate of 
mulching was too low (at 3 ton/ha) for there to be a noticeable effect.  
For both years (2011 and 2012), the longest roots overall were found under the TRF method. The presence of 
longer roots under TRF is also in line with [46] who concluded that sub-soiling not only increased the yield of 
cotton but also improved penetration resistance to ensure root propagation.  
4.2 Pearl Millet Yields 
Table 3 shows pearl millet yields for the different tillage technologies (NSCT and CV) for mulched and 
unmulched plots. There were no significant differences (p = 0.410 in 2011 and 0.078 in 2012) in mean yields 
among the tillage methods. In addition, no significant differences (p = 0.758 in 2011 and 0.348 in 2012) in mean 
yield for the mulch treatments were observed.  
Table 3: Pearl Millet Yields for the different tillage Technologies 
Tillage 
Treatment 
2011 Mean Pearl Millet Yield 
(kg ha-1)  
2012 Mean Pearl Millet Yield 
(kg ha-1)  
Mulch No Mulch Average Mulch 
No 
Mulch  
Overall 
       
AMP 1415 1505 1460 4434 4241 4337.5 
ARF 1547 1516 1531.5 4981 4759 4870 
TDH 1544 1608 1576 4587 4823 4705 
TRF 1702 1652 1677 5362 5344 5353 
        (No significant difference among treatments) 
The findings of this study are consistent with those of other researchers [33 - 36] who have shown that there are 
no significant differences between CT and CV when it comes to yield; meaning that differences in the tillage 
methods had no effect on crop yield. Moreover, Reference [47], conducted a meta-analysis using worldwide 
rain-fed maize grain yield data from long-term studies on tillage and residue management from semi-arid to sub-
humid environments and found no change over time in the weighted mean differences in maize grain yield, and 
therefore No Till had no positive effect on maize yield compared with conventional tillage.  
Reference [47] also showed that, in the first 10 years, crop yields under No Till were lower than under 
conventional tillage practices. However, Reference [31] reported contradictory results and demonstrated that 
conservation agriculture in southern Africa had resulted in significant yield gains in maize, where 42% to 105 % 
increases were reported for conservation tillage systems compared to CV in Zambia and Zimbabwe. These 
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contradictions could be attributable to there being no standardization in tillage research worldwide, as stated by 
[11] who maintained that there was a need to standardize tillage research as many researchers and practitioners 
all over the world were using different terminologies and methodologies, and this made it very difficult to 
compare results worldwide. 
In 2012 both NSCT methods − TRF (10.1%) and ARF (11%) − achieved higher yields than their corresponding 
CV methods -TDH and AMP. Whilst there were no significant differences in mean yield among the tillage 
methods in both years, there were vast improvements in the yields under all four tillage methods, between the 
years. The yields in the second year were generally three times greater than the yields in the first year. This 
suggests that other factors than tillage types contributed to the increase in yield, such as early planting, mulch, 
manure and fertiliser, and also having a clean field with no weeds.  
Reference [47] reported that crop productivity under conservation agriculture depends more on the ability of 
farmers to achieve correct fertilizer application, timely weeding, the availability of crop residues for mulching, 
and systematic crop rotations − almost all of which are currently lacking in southern Africa. Dam and his 
colleagues [34] also reported that, in 11 years, maize yields were not affected by tillage and residue practices, 
but that climate-related difference seemed to have a greater influence on the variations in yields.  
Other researchers have shown that CT gives better yields than CV. For instance, Reference [28] showed that No 
Till achieved greater yields than CV. Reference [27] showed that minimum tillage with residue retention 
significantly increased grain yield by 6.6% and 12.2%, compared to minimum tillage with residue removal and 
CV, respectively. The high increase in yields in the second year in the current study is also in line with results 
from Zimbabwe that have also shown that nutrients like nitrogen from manure become more available to crops 
in the second season of application [45]. 
Another observation is that yield results achieved in this study even under conventional tillage systems were 5-
10 times higher than yields achieved by the NCA farmers under similar conventional systems. One of the 
reasons for the high yields recorded in this study could be the plant population of 80 000 plants per ha (as 
recommended for NSCT) that was used compared to 40 000 plants per ha that the extension services normally 
recommend to farmers.  
This means that, NCA farmers should be advised to leave two plants per station instead of one when they are 
thinning out their pearl millet seedlings. But this will only work if there is enough manure and fertilizer, timely 
weeding, the availability of crop residues for mulching, and systematic crop rotations − all of which are 
currently lacking among most of the NCA farmers.   
An increase in yield could also be attributed to the use of controlled/constant traffic and placing manure and 
fertiliser at more or less the same place in the furrows, and also harvesting water in the same furrow as provided 
by the NSCT methods. 
Table 4 compares the yields achieved under the TRF systems in this study with those achieved under the NSCT 
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system by the CONTILL project and those under farmer Keshongo from the Omuntele Constituency who also 
used the NSCT system. 
Table 4: Comparison of TRF On-station Pearl Millet Yields with those of CONTILLand Farmer Keshongo 
Station Yield in kg ha-1 
Highest TRF On-station Yields (2012) 5 362 
Lowest TRF On-station Yields ( 2012) 1652 
CONTILL Omusati yields – highest ( 2010-11) 3 063 
CONTILL Omusati yields – lowest ( 2010-11) 1 213 
Farmer Keshongo Oshikoto region (2013) 4 660 
It is every farmer’s dream to have high yields, and Mr Keshongo achieved his dream by achieving yields of 4 
660 kg ha-1. Mr Keshongo, however, grew traditional varieties of pearl millet making it difficult to compare his 
yields objectively with those of the on-station trials. Nonetheless, the yields from his fields still show that 
conservation tillage methods could have contributed to what he achieved in his fields. Uno [48] reported that in 
good seasons, the yield of the indigenous farmers’ local varieties are just as good as, or even better than, the 
improved varieties of pearl millet available to small scale farmers in NCA, although they take longer to mature, 
(up to 120 days) compared to the shorter-maturing new varieties. 
5. Conclusion 
This study showed that, in both years there were no significant differences in mean pearl millet yield among the 
four tillage methods. There were also no significant differences in mean yield between mulched and un-mulched 
plots. The hypothesis that the NSCT methods used in this study will significantly improve pearl millet yields 
compared with CV methods was therefore rejected. In 2012 both NSCT methods − TRF (10.1%) and ARF 
(11%) − achieved higher yields than the CV methods of TDH and AMP.  Although there were no significant 
differences in mean yield among the tillage methods in both years, yields from the study was better than yields 
under smallholder farmers in the NCA, particularly in the second year. This suggests that other factors than 
tillage methods− like mulch, manure and fertilizer, and also having a field with no weeds − contributed to the 
increase in yield. The Tractor Ripper Furrower method produced the highest pearl millet yields overall ranging 
from 1 702 kg ha-1 in 2011 to 5 362 kg ha-1 in 2012.  
The present study also shows that it is important to have high plant populations where possible, so that when 
farmers thin out the pearl millet they leave two plants per station instead of one. However, this will only work if 
there is enough manure and fertilizer, timely weeding, crop residues available for mulching, and systematic crop 
rotations − all of which are currently lacking in the NCAs of Namibia. The control of traffic has also shown that 
it could help to increase yields, as one result is that manure and fertilizer are applied at more or less the same 
place in the furrows. Water is also harvested in the same furrows. 
There were no significant differences in mean root length among the tillage methods in the 2011 season, but 
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they were significantly different in 2012. There were also no significant differences in mean root lengths 
between mulched and un-mulched plots. Both NSCT methods (TRF with mulch and ARF with mulch) achieved 
longer pearl millet roots than CV methods (TDH and AMP) by 24.5% and 8.5% respectively. The greatest mean 
root lengths were achieved by TRF in both years.  
The pearl millet (Pennisetum glaucum) yields of Namibian smallholder farmers have been reported to be 
extremely low, at around 400 kg ha-1 [4, 5, 49]. The increase in yields as observed in the present study can 
greatly improve the pearl millet yields of 230 000 farmers in the NCAs through the use of NSCT and CT 
practices in general. Technologies such as early planting, use of the ripper-furrower to harvest water, the 
application of manure and fertilizer, timely weeding, the availability of crop residues for mulching, and 
systematic crop rotations could greatly increase yields. Yields increases are an encouraging factor for the 
adoption of the NSCT method by farmers. 
6. Recommendations 
It is recommended that this research be conducted over a longer period of time, at least a minimum of ten years. 
Since two of the seasons during which this research ran were characterised by low rainfall. It would also be 
important to test the ripper-furrower under irrigation and try various moisture regimes to determine differences 
in yield and root lengths. Small-scale experimentation using rainfall simulators and tillage should be designed 
specifically to observe the relationships between tillage, soil water movement and yield. 
Further research is required to show a clear distinction between increases in yield due to NSCT for traditional 
crop variety and that of improved varieties. This study focused on only one soil type, i.e. sandy soils. Similar 
studies need to be extended into different soil types in Namibia. Given the timing of the study, the results that 
were obtained are only suggestive. To confirm these results, it would be necessary to collect evidence to 
compare changes over time in actual productivity between farmers who used and those that did not use the 
NSCT technology.  
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